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WHAT IS CLAIMED IS 



A method off: roasting a food product comprising 

2 the steps of establishing the degree to which the product must 

3 be roasted to attain a dJesired aroma; generating a measurable 

4 first parameter which id indicative that the product has been 

5 sufficiently roasted to/ yield the desired aroma; storing the 

6 first parameter; roasti/ng fresh product at a roasting 

7 temperature; monitoring a second parameter which is compatible 

8 with the first parameter and is generated by the fresh product 

9 during roasting; and/ upon detecting a match between the first 
10 and second parameters, discontinuing the roasting step. 



^ ^> ^> \' A method according to claim 1 wherein the first 

2 parameter rss one of the color and darkness of the product and 
*j 3 the second parameter is one of the color and darkness of the 
*P 4 fresh product \during the roasting step. 



ru 



1 3 . ^\ method according to claim 2 including 

2 adjusting the stepi of discontinuing the roasting of the fresh 

3 product as a function of at least one of the roasting 

4 temperature and atmoVpheric pressure. 

1 4. A methods according to claim 1 wherein the step 

2 of monitoring comprises making a spectral analysis of the 

3 fresh product during the koasting step. 

1 5 . A method according to claim 4 wherein the step 

2 of making a spectral analysis V^omprises directing a laser beam 

3 onto the fresh product during ohe roasting step. 

1 6. A method according to claim 5 wherein the laser 

2 beam has a wavelength in the range of between about 600 to 800 

3 nm. 



^O*-^ 7 . method according to claim 1 including the 

2 steps of providing^a multiplicity of different product types, 

3 establishing and storing, the first parameter for each product 
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^3^> type, pr3*or to the roasting step selecting one of the 

5 multiplicity of product types for roasting; and wherein the 

6 step of discontinuing is carried out when a match between the 

7 first parameter^f or the selected product type and the second 

8 parameter match. \ 

\ 

1 8 . A method according to claim 7 including the 

2 step of establishing as. plurality of first parameters for at 

3 least one of the multiplicity of product types, each of which 

4 defines a different degree to which the product must be 

5 roasted to attain correspondingly differing desired aromas; 

6 prior to the roasting step selecting one of the plurality of 

7 first parameters for the at jSeast one product type; and 

8 wherein the step of discontinuing is performed when the second 
. 9 parameter matches the selected one of the first parameters. 

^^^^^ — 9. A method according to claim 1 wherein the 

roasting step comprises flowing heated air over the fresh 

L 3 product, and including the' steps of removing substantially all 

4 pollutants from the air downstream of the fresh product being 

5 heated, cooling the air downstream of the fresh product to 

6 substantially room temperature, and thereafter exhausting the 

7 cooled air into a room of a building. 

1 10. A method according to claim 1 wherein the step 

2 of roasting includes flowing heated air over the fresh 

3 product, and including the steps of filtering substantially 

4 all pollutants from the heated air following the roasting 

5 step, thereafter reheating and recirculating a major portion 

6 of the substantially/ pollutant -free air over the fresh product 

7 to thereby continue/the roasting step; and discharging a minor 

8 portion of the filt/ered air prior to reheating and 

9 recirculating the major portion of the air. 

/ / 

1 11. A ^method of automatically roasting coffee beans 

2 to attain a predetermined, desired coffee aroma comprising the 

3 steps of roasting a sample of the beans to a degree at which 

4 coffee made with the beans exhibits the desired aroma; sensing 
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5 one of a color and a darkness of the beans when they have 

6 reached the degree of roasting and from the sensed color or 

7 darkness generating a first parameter which is indicative of 

8 the sensed color or darkness of the bean sample; storing the 

9 first parameter; thereafter roasting fresh beans; monitoring 

10 one of the color or darkness of the fresh beans being roasted 

11 and generating a second parameter which is indicative of a 

12 color or darkness of the fresh beans; comparing the first and 

13 second parameters during roasting of the fresh beans; and 

14 terminating the roasting of the fresh beans when the first and 

15 second parameters match. 

1 12 . A method according to claim 11 wherein the step 

2 of roasting the fresh beans comprises flowing heated air over 

3 the fresh beans; and including the steps of cleaning the 

4 heated air after it has passed the fresh beans so that the air 

5 is substantially pollutant - free ; cooling the air after it has 

6 passed the fresh beans yto about room temperature; and 

7 discharging the pollutant-free, room temperature air. 

1 13 . A method according to claim 12 wherein the 

2 steps of roasting the fresh beans and heating, cleaning and 

3 cooling the air arejji^rf ormed in a substantially closed room 

4 frequented by hurfians, and wherein the step of discharging the 

5 air comprises aisch'argang the air into the room. 

1 14. Appkk^tu^fpr roasting coffee beans comprising 

2 a container having a bean inlet and a bean outlet for holding 

3 beans to be roasted; an air circulation system operatively 

4 coupled with the /container for flowing heated air over the 

5 beans and thereby roasting the beans, the heated air exiting 

6 the container ajs used air; an air cleaning arrangement 

7 operatively coupled with the air circulation system and 

8 located downstream of the container for removing substantially 

9 all particulates, smoke and volatiles entrained in the used 

10 air as it fl6ws through the container to provide substantially 

11 pollutant-free used air; an air cooling arrangement 

12 operatively^ coupled with the air circulation system downstream 
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13 of the container for cooling the used air to about room 

14 temperature; and a used air discharge located downstream of 

15 the air cleaning and cooling arrangements for discharging at 

16 least a portion of the Jised air into an indoor environment 

17 substantially without adversely affecting the environment. 
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15. Apparatus; according to claim 14 wherein the air 
circulation system includes a flow divider returning a major 

to the circulation system and 
ion of the used air into the 



portion of the used air 
discharging a minor 
environment . 



pori 



1 16. Apparatus according to claim 15 wherein the air 

2 cooling arrangement is operatively coupled with the air 

3 divider so that only jche minor portion of the air is cooled to 

4 about room temperatm 
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17. Apparatus according to claim 16 wherein the 
cooling arrangement /is opje^ratjive so that the major portion of 
the used air which i's being returned to the circulation system 



has a temperature substantially higher than room temperature. 

18. Appalratus^according to claim 14 wherein the 
used air discharge /discharge.s__all-__used air into the 
environment . 



1 19. Apparatus according to claim 14 wherein the 

2 container comprises an inner drum rotatable about a generally 

3 horizontal axis aiid an outer, stationary drum disposed about 

4 the inner drum. 
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20. Apparatus according to claim 19 wherein the 
inner drum has a'n open axial end and the outer drum has an end 
plate overlying/ the open end of the inner drum, the end plate 
including a bean inlet for introducing fresh beans into the 
inner drum f or ^subsequent roasting and an outlet for removing 
roasted beans from the inner drum. 
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1 21. Apparatus according to claim 20 wherein the end 

2 plate includes a window for viewing an interior of the inner 

3 drum from an exterior of the outer drum, and wherein the inner 

4 1 drum includes radially inwardly projecting vanes extending 

5 generally in a longitudinal/ direction of the inner drum and 

6 being shaped so that the vanes form intermittent streams of 

7 beans being roasted and flowing past the window when the inner 

8 drum is rotated and beans are disposed therein. 

1 22. Apparatus according to claim 21 including a 

2 ref lectometer mounted proximate the window for determining a 

3 darkness of the beans flowing in the intermittent stream of 

4 beans past the window. 



1 
2 
3 
4 
5 
6 



23 . Apparatus/ according to claim 22 including means 
for removing the beans frrom the drum through the bean outlet, 
and a controller j2r^rat^T^ly coupled with the ref lectometer 
and the bean o\y£let for/ initiating a removal of the roasted 
beans from th^ inner dr/im when the ref lectometer senses that 
the beans in the drum Have reabhed a desired darkness. 
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24 . \Apparat 



>rding to claim 20 including a 



fresh bean storag^iioSper hc.ving a plurality of fresh bean 
storage compartments,/ a conveyo'r for directing beans from the 
compartments to the Dean inret', and means for transporting 
beans from a selected one of \he compartments to the conveyor, 



1 25. Apparatus according to claim 24 wherein the 

2 transporting means /comprises an opening in each compartment 

3 and an openable closure for each opening so that beans can be 

4 transferred from al selected one of the compartments to the 

5 conveyor by openiAg the closure. 



1 26. Apparatus according to claim 24 wherein the 

2 conveyor comprises a conduit which gravitat ionally transfers 

3 the beans from /the opening in the selected one of the 

4 compartments to the bean inlet. 
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1 27. Apparatus according to claim 26 wherein the 

2 hopper is movable relative to the bean conduit for positioning 

3 the opening of each compartment relative to the conduit to 

4 gravitationally flow fresh tteans from the selected one of the 

5 compartments to the conduit/. 

1 28. Apparatus according to claim 2 7 including a 

2 scale for weighing an amount of beans to be transferred from a 

3 selected one of the compartments to the conduit, wherein the 

4 conduit has an intake end/ remote from the bean inlet, and 

5 wherein the scale is positioned between the opening in the 

6 selected hopper compartment and the intake end of the conduit 

7 so that the amount of beans can be gravitationally fed into 

8 the intake end of the conduit. 

1 29. App aratus according to claim 2 0 including a 

2 roasted bea^^ool ing^txay arranged to receive roasted beans 

3 removed f.rom the inner/ ch^um via the bean outlet in the end 

4 plate. 




1 \3 0. Apparatus^ according to claim 2 9 including a 

2 wiper opera^ively^^ with the cooling tray for moving the 

3 roasted beans over the [tray and to a cooled, roasted bean 

4 collector. 

1 31. Apparatus acco rding to c laim 3 0 including means 

2 for flowing a roasted bean cooling air stream past the beans 

3 on the cooling tra|. 



/ 



1 32. Apparatus according to claim 31 wherein the air 

2 circulation system includes a fresh air intake, and wherein 

3 the fresh air intake is operatively coupled with the cooling 

4 air stream flowing means for preheating fresh air entering the 

5 air circulation/system with heat obtained from the roasted 

6 beans on the cooling tray. 

/ 

1 33. / Apparatus according to claim 32 wherein the 

2 roasted beans' on the tray give off white plume smoke, and 



/ 
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3 including an air filter in la vicinity of the air intake of the 

4 air circulation system for /removing white plume smoke and 

5 particulates from the air flow entering the air circulation 

6 system. / 

1 34. Apparatus according to claim 33 wherein the 

2 filter comprises a stainless steel mesh filter having a mesh 

3 size sufficient for removing particles having a size larger 

4 than about a 1/2 -micron size from the air entering the air 

5 circulation system. I 

1 35. Apparatus /according to claim 14 wherein the air 

2 circulation system includes means for heating the air flowing 

3 therein to a roasting temperature upstream of the container. 

1 3 6 ,^<Apparatia v s according to claim 3 5 wherein the 

2 heater includes a comhustsion-f ree main heater for heating the 

3 air to the roasting temperature and an auxiliary heater for 

4 preheating the air u^'stream^of the main heater. 

1 \3 7 . Appa^t,il'S according to claim 36 wherein the 

2 auxiliary neaXjar^rncludes a/ heat exchanger for transferring 

3 heat from used air exiting /the container to cool air flowing 

4 to the main heater jLnd comprises first and second air flow 

5 conduits separated /by a comKjon wall. 



1 38. Apparatus according to claim 36 including an 

2 air blower in the air circulation system for generating the 

3 air flow therein, land wherein the blower comprises a portion 

4 of the auxiliary preheater and heats air by increasing a 

5 pressure thereof./ 

1 39. Apparatus according to claim 3 6 including a 

2 cooling tray positioned for receiving roasted beans from the 

3 container, and wherein the auxiliary preheater includes means 

4 for flowing cool air over the roasted beans on the cooling 

5 tray and thereafter into an intake of the air circulation 

6 system. / 
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1 40. Apparatus according to claim 36 including means 

2 operatively coupled with the air/ circulation system for 

3 reducing a temperature of used afir exiting the container to 

4 about room temperature upstream /of the air discharge. 



1 41. Apparatus according to claim 40 wherein the air 

2 temperature reducing means comp/rises a counterflow heat 

3 exchanger for transferring heatj from the used air exiting the 

4 container to cool air in the circulation system before the 

5 cool air reaches the main heater. 



1 42. Apparatus according to claim 41 wherein the 

2 used air exits the heat exchanger at a temperature 

3 significantly above room temperature, and including a heat 

4 sink between the heat exchanger and the air discharge for 

5 lowering the temperature of £he used air to about room 

6 temperature. 
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43. Apparatus according to claim 35 wherein the air 
cleaning arrangement comprdJses\a main filter for removing 
smoke from used ^ir exiting the Container. 



ing to claim 43 wherein the 
r having a mesh size of .3 




44 . Apparatus 
main filter comprises a m£sh f 
microns . 



45. Apparatus/ according\to claim 43 wherein the air 
cleaning arrangement includes a HEPA\£ilter downstream of the 
main filter for removing white plume smoke from the used air. 



1 46. Apparatus according to claim 45 wherein the 

2 HE PA filter is a mesh/ filter having a mesh size of about 1 

3 micron. 



1 47. Apparatus according to claim 45 wherein the air 

2 cleaning arrangement includes a screen collector for removing 

3 bean chaff from tne used air upstream of the main filter. 



1 48. Apparatus acc 

2 chaff collector is a mesh fil 

3 than about 3 0 microns. 
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ceding to claim 4 7 wherein the 
ter having a mesh size of no more 



1 49. Apparatus according to claim 47 including a 

2 heat exchanger located downstjream of the main filter for 

3 transferring heat from the used air to relatively cool air 

4 flowing through the circulation system upstream of the heater, 

1 50. Apparatus acdording to claim 49 including a 

2 final filter located downstream of the heat exchanger and 

3 upstream of the air discharge for removing volatile organic 

4 compounds (VOCs) and hydroqarbons from the used air before it 

5 reaches the air discharge 
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51. Apparatus ajccording to claim 50 wherein the 
final filter comprises ail/activated carbon filter. 




claim 51 including an 
em located downstream of 
HE PA filter and the 
temperature of the used 



52 . ' ^paratus 
air cooler in tfhe air ci 
the heat exchanger and up|st 
activated carbon filter 
air to no more t>han about 



53 . A method for roasting yfcoffee beans inside a 
store comprising the steps of placing fresh beans inside a 
container; electrically /heating^air to a desired roasting 
temperature; flowing thi heated ai^rs^through the container and 
about the fresh beans therein to thereby^oast^ the beans; 
filtering hot air exiting the container to remove— the re from 
substantially all oily /and white plume smoke, volatile organic 
compounds, hydrocarbons, and other particulate subject matter 
of a size larger than kbout 1 micron so that, thereafter, the 
air is substantially ppllutant- f ree ; cooling used air exiting 
the container to a temperature of no more than about 115°F; 
and thereafter discharging the filtered and cooled air 
directly into the stc^tre, whereby the discharged air will cause 



substantially no pollution of air inside the store 
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1 54 . A method according to claim 53 including the 

2 step of spectrally analyzing l/he beans with an instrument 

3 generating an output signal wnich is a function of one of the 

4 color and the darkness of thfe beans in the container; and 

5 removing the beans from the /container to thereby terminate 

6 their roasting when the output signal indicates that the beans 

7 have reached a predetermined "color or darkness. 

1 55. A met/nod afcco'^ding to clai'rrP i 53 wherein the step 

2 of filtering compris^s^yrov lading a plurality of flow-through 

3 filters; flowing the usZd air^sijxre^E^ively through the filters 

4 to remove substantially all pollutants therefrom, monitoring 

5 air pressure drops across each filter, removing and cleaning 

6 each filter when an /associated corresponding air pressure drop 

7 exceeds a predetermined value; and thereafter reinstalling the 
8-^c:leaned filter. / 

^^H^^^^ 56. A method for upiformly roasting coffee beans at 
a plurality of geographically separate locations comprising 

3 the steps of placing a roastying machine at each location; 

4 equipping each roasting machine with a roasting container for 

5 holding fresh beans while uhey are being roasted, a hot air 

6 supply for heating the frefeh beans to a roasting temperature, 

7 and an air removal system/ for directing used air away from the 

8 container and removing tMerefrom substantially all debris, 

9 smoke, oil, and the like/ so that air can be discharged into 

10 the atmosphere after it /has passed the beans in the container 

11 without polluting it; observing the beans in the container 

12 during roasting with a /ref lectometer and therewith generating 

13 an output signal whicly reflects the observed darkness of the 

14 beans; providing each/ roasting machine with a computer 

15 including a memory; feeding the output signal to the computer; 

16 at a central control/ station determining an optimal darkness 

17 for each bean type Jchat will be roasted by the roasting 

18 machines; at the control station generating a control signal 

19 which reflects the/ optimal darkness of each roasted bean type; 
2 0 downloading the control signal from the central control 

21 station to the computer of each roasting machine; during 
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2 2 roasting at any given rc/asting machine comparing the control 

23 signal stored in the associated memory with the output signal 

24 generated by the instrument; when the compared signals match, 

25 generating a command signal; and using the command signal to 

26 terminate the roasting of the beans in the container. 

^piAN^ 5<7. The method according to claim 56 including the 

tftjft 2 steps of keeping an inventory of fresh beans proximate each 

3 roasting machine; monitoring the size of the fresh bean 

4 inventory; gener^^ing a low- inventory signal when the fresh 

5 bean inventory drops\below a predetermined level; transmitting 

6 the inventory control ^signal to the central control station; 

7 and transferring additional fresh beans to the roasting 

^rf 8 machine which generated thX low- inventory signal upon receipt 

9 thereof at the control station. 

B g 1 58 . A method according to claim 56 wherein each 

l~i 2 roasting machine has a plurality of different fresh bean types 

3 which can be roasted; and including the steps of generating an 

M 4 optimal darkness signal for each bean type at the control 

I« 5 station; downloading each darkness signal to the computers of 

gi 6 the roasting machines of the system; and; during roasting at 

J^f 7 any given one of the roasting machines, comparing the output 

8 signal from the instrument with the stored darkness signal 

9 which corresponds to the bean type being roasted in the 
10 container. 

1 59. A method fo£ treating matter that releases 

2 atmosphere polluting materials when subjected to heat, the 

3 method comprising the steps of providing a chamber including 

4 an inlet and an outlet , /placing the material in the chamber, 

5 generating the air flow and directing it along an upstream 

6 flow path through the /inlet into the chamber, heating the air 

7 flow in the upstream /flow path to form a hot air flow, and 

8 directing the hot ai/r flow through the inlet into the chamber, 

9 whereby materials released by the matter become entrained in 

10 the hot air flow, t/hereby generating a polluted air flow; 

11 directing the polluted air flow through the outlet into a 



38 

downstream flow path; in/the downstream flow path removing 
most of the materials frfom the polluted air flow to thereby 
generate a clean air flpw .which can be discharged into the 
atmosphere without caus/ing substantial air pollution; cooling 
the air flow in the downstream flow path to a temperature 
suitable for release of the air into a closed environment; and 
limiting the flow time/ for the air flow from an upstream end 
of the upstream path no a downstream of the downstream path to 
substantially no more/ than about 1 second. 

60. A met/hod according to claim 59 wherein the step 
of cooling comprise^ the step of transferring a major portion 
of heat energy in the air flow through the downstream flow 
path to the air fj/ow in the upstream flow path. 

61. A/method according to claim 60 wherein the step 
of limiting comprises the step of limiting the flow time to no 
more than about/ 1/4 second. 




